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j(. (new) A process for conducting catalytic steam and 
refonning, steam alcohol reforming, water ^ shift^Tdehydrogenation reacons of 
paraffins, for the production and u^f pure hydrogen which includes: 

^■""tf^'outer'S^^eable hollow tubular cylinder nesting two more concentric 
permeable tubular cylinders, a next inner and a most ,nner one, having tite most inner 
permeable cylinder to be nested wthin the next inner permeable cylinder thus defining 
fl^ different annular zones including next inner membrane and most rnner membrane, 
with the most imter permeable cylinder to be fdled with catalyst and include gas heating 
tubes located along the im>er axis, with d>e catalyst in pellet or particle form to be a 
refonning, water gas shift or>hydrog»a,ion catalyst, widt hydrogen to be continuously 
removed via permeation along the most inner membrane wherein the membrane is made 
by an inorganic or composite material, with the remaining reaction species to partially 
permeate as well via the most imter membrane, and with the permeated species to be 
diluted by an inen carrier gas flowing along the next im,er amtular zone, with hydmgen 
only to be continuously removed via permeation along ti.e next imter membrane in order 
«, allow for continuous hydrogen withdrawal out of tite most inner caulytic zone and for 
continuous equUibrium shift of the reactions evolving wititin this zone, with the next 
taer membrane to be made by a meml or non-porous inorgaric material penneable only 
to hydrogen, wifl. ti« permeated pure hydrogen in far outer cylindrical zone to be 
consumed in cons«utive hydrogenation reactions or as fuel in consecutive gas «»bines, 
gas engines, and fuel cells of proton exchange membrane, alkaline, molten carbonate, 
solid oxrde, and phosphonc actd types, and with tire em,«ed hot flue gas from the fuel 
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cells, turbines and engines to be used for at least partial heating of most inner catalytic 
zone by flowing it via the location of most inner gas heating tubes. 




^ (new) The process of claim 1, wherein a sweep reactive component is flowing 
via the far outer cylindrical space and reacts with the hydrogen permeated via the next 
inner membrane on a catalyst bed located within far outer cylinder, with the flowing 
reactive component to be selected from the group consisting of 

an unsaturated hydrocarbon such as ethylene, acetylene, propylene, butylene for 
hydrogenation into ethane, ethylene, propane, butane respectively, 

carbon monoxide for hydrogenation into methanol or gasoline range 
hydrocarbons, 

nitrogen for hydrogenation into ammonia, 

a higher paraffm such as hexane for hydrocracking into a mixture of paraffins and 
olefins with lower carbon atoms, such as butane, propane, propylene and ethylene, 

an aromatic hydrocarbon for reduction with hydrogen to a non-aromatic 
hydrocarbon, 

an unsaturated alcohol, phenol, aldehyde, ketone, or acid for reduction with 
hydrogen to the corresponding saturated component, 

an aldehyde or ketone for reduction with hydrogen to the corresponding alcohol 
such as methanol, ethanol, propanol, butanol, 

an alkyl or aryl halide for reduction with hydrogen to the corresponding non- 
halogene component via hydrogenolysis, 
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a mtroalkane ot aromatic nitro compound for reduction with hydrogen to the 
corresponding primary amine. 

(new) The process of claim 1 wherein the inorganic or composite membrane of 
most inner penneable cylinder is rendered catalytic with d.e metal catalyst selected from 
the group consisting of nickel (Ni), chromtum (Cr), ruthenium (Ru). rhodium (Rh), 
platinum (Pt), palladium (Pd), copper (Cu), zinc (Zn), cobalt (Co). 

y (new) A process for conducting catalytic steam and carbon dioxide hydrocatbon 
Conning, steam-alcohol reformmg, water gas shift, and dehydrogenation reactions of 
pataffms, for production and use of pure hydrogen which includes; 

a far outer impermeable hollow tubular cylinder nesting two more concentric 
pemreable tubular cylinders, a next-imrer and a most-im,er one, having d« most inner 
permeable cylinder to be nested within the next ,m,er permeable cylinder thus defining 
different amiular zones including next inner membrane and most im«r membrane, 
with a,e am,ular st«e between the far outer and next-imter cylinders to be filled with 
catalyst, with the catalyst in pellet or particle form to be a reforming, water gas shift, or 
dehydrogenation catalyst, with hydrogen to be continuously removed via permeation 
along the next-im,er membrane wherein the membrane is made by an inorgamc or 
composite matertal. with the remaining reaction species to partially permeate as well via 
the next inner membrane, and with ttre permeated species to be diluted by an inert camer 

gas flowing along the next inner am.«lar zone, with hydrogen only to be continuously 
removed via permeation along dre most inner membrane in order to aUow for continuous 



hydrogen withdrawal out of the far outer catalytic zone and for continuous equilibrium 
shift of the reactions evolving within this zone, with the most inner membrane to be 
made by a metal or non-porous inorganic material permeable only to hydrogen, with the 
permeated pure hydrogen in the most inner cylindrical zone to be consumed in 
consecutive hydrogenation reactions or as fuel in consecutive gas turbines, gas engines, 
and fuel cells of proton exchange membrane, alkaline, molten carbonate, solid oxide, and 
phosphoric acid types, and with the emitted hot flue gas from the fuel cells, turbines, and 
engines to be used for at least partial heating of the far outer catalytic zone by flowing it 
via the external surface of the far outer impermeable cylinder. 

j/. (new) The process of claim 4, wherein a sweep reactive component is flowing 
via the most inner cylindrical space arid reacts with the hydrogen permeated via the most 
inner membrane on a catalyst bed located within most inner cylinder, with the flowing 
reactive component to be selected from the group consisting of 

an unsaturated hydrocarbon such as ethylene, acetylene, propylene, butylene for 
hydrogenation into ethane, ethylene, propane, butane respectively, 

carbon monoxide for hydrogenation into methanol or gasoline range 
hydrocarbons, 

nitrogen for hydrogenation into ammonia, 

a higher paraffin such as hexane for hydrocracking into a mixture of paraffins and 
olefins with lower carbon atoms, such as butane, propane, propylene and ethylene, 

an aromatic hydrocarbon for reduction with hydrogen to a non-aromatic 
hydrocarbon. 



an unsamrated alcohol, phenol, aldehyde, ketone, o, aeid for reduetion wi* 
hydrogen to the corresponding saturated component. 

an aldehyde or ketone for reduction vvith hydrogen to the corresponding alcohol 
such as methanol, ethanol, propanol. butanol, 

an alkyl or aryl halide for reduction with hydrogen to the correspondrng non- 
halogene component via hydrogenolysis, 

a ritroalkane or aromatic nitro compound for reduction wrth hydrogen to the 

corresponding primary amine. 

/ (new) The process of claim 4 wherein the inorgamc or composite membrane of 
next inner permeable cylinder is rendered catalytic with the metal catalyst selected f^om 
group consisting of mckel (Ni). chromium (Cr). ruthenium (Ru). rhodium (Rh), 
platinum (Pt). palladium (Pd). copper (Cu). zinc (Zn). cobah (Co), 

(A 

/ (new) m process of claim .. as applies to tire steam and carbon dioxrde 
reforming of hydrocarbons, steam reformmg of alcohols and water gas shift reactions. 

the reject exit stteam from the most inner and next inner am,ular zones to remove 
ti,e contained steam by condensation, and subsequently be passed through a membrane 
permeator wherein the containedrnstieam hydrogen and carbon dioxide are separatedby 

pcnneation via a membrane made by a polymer, inorganic or composite material, and 
*e non permeated hydrocarbons, alcohols, and carbon monoxide exit from ^ non- 
permeate side of tite permeator as a r^ect stieam, with the separated hydrogen and 
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carbon dioxide product mixture to be used for methanol synthesis and as a combined 
fuel-oxidant feed in a molten carbonate fuel cell. 

^ (new) The process of claim 4, as applies to the steam and carbon dioxide 
reforming of hydrocarbons, steam reforming of alcohols, and water gas shift reactions, 
with the reject exit stream from the far outer and next imier amiular zones to remove the 
contained steam by condensation, and subsequently be passed through a membrane 
permeator wherein the contained in stream hydrogen and carbon dioxide are separated by 
permeation via a membrane made by organic polymer, or inorganic, or composite 
material, and the non permeated hydrocarbons, alcohols, and carbon monoxide exit from 
the non-permeate side of the permeator as a reject stream, with the separated hydrogen 
and carbon dioxide product mixture to be used for methanol synthesis and as a combined 
fuel-oxidant feed in a molten carbonate fuel cell. 

\ (new) The process of claim 7, wherein the reject stream from the permeator 
containing each one or a mixture of unreacted hydrocarbons, alcohols, and carbon 
monoxide is fed in a consecutive steam reforming reactor for additional production of 
hydrogen and carbon dioxide gases. 

^. (new) The process of claim 8, wherein the reject sfream from the permeator 
containing each one or a mixture of unreacted hydrocarbons, alcohols, and carbon 
monoxide is fed in a consecutive steam reforming reactor for additional production of 
hydrogen and carbon dioxide gases. 



iil (new) The process of claim 7, wherein the reject stream from the permeator 
containing each one or a mixture of unreacted hydrocarbons, alcohols, and carbon 
monoxide is recycled into the initial catalytic most imier refonning zone for contim»>us 

reforming reactions. 

>k (new) The process of claim 8, wheten. the reject stream fi^om the permeator 
containing each one or a mixture of unreacted hydrocarbons, alcohols, and carton 
monoxide is .^cycled into the initial catalytic far outer reforming zone for continuous 
reforming reactions. 

(new) The process of claim 1, as applies to the steam and carbon dioxide 
refonning of hydrocaAons, wherein the reject gas stream from most inner and next inner 
amiular zones is fed in a consecutive impermeable catalytic tubular reactor wherein 
continuous steam and carbon dioxide reforming reactions of the unreacted hydrocarbons 
take place, with the product hydrogen and carbon monoxide gas mixture from the 
consecutive reforming reactions to exit from the single reactor outlet and used in 
consecutive chemical synthesis reactions or as fuel gas in consecutive gas turbines, gas 
engines, and fuel cells of molten carbonate and solid oxide types. 

^. (new) The process of claim 4, as applies to the steam and carbon dioxide 
reforming of hydrocaitons, wherein the reject gas stream from the far outer and next 
imier annular zones is fed in a consecutive impermeable catalytic tubular reactor wherein 
continuous steam and carbon dioxide reforming reactions of the unreacted hydrocarbons 





take place, with the product hydrogen and carbon monoxide gas mixture from the 
consecutive reforming reactions to exit from the single reactor outlet and used in 
consecutive chemical synthesis reactions or as friel gas in consecutive gas turbines, gas 
engines, and fuel cells of molten carbonate and solid oxide types. 



1^. (new) The process of claim 1 wherein the feed hydrocarbon or alcohol is a single 
component or a mixture of components sleeted from the group consisting of methane, 
ethane, propane, n-butane, i-butane, methanol, ethanol, propanol, butanol, naphtha, 
gasoline, natural gas, coal gas rich in methane, landfill gas rich in methane, flue gas rich 
in methane, biomass gas rich in methane. 

i^. (new) The process of claim 1 wherein the combined feed hydrocarbon and 
carbon dioxide gas mixture is selected from the group consisting of a CH4 and CO2 
mixture, acidic natural gas rich in CH4 and CO2, coal gas rich in CH4 and CO2, landfill 
gas rich in CH4 and CO2, biomass gas rich in CH4 and CO2, other primary, secondary, 
refinery, and flue gas mixtures rich in CH4 and CO2. 

^/ (new) The process of claim 4 wherein the feed hydrocarbon or alcohol is a smgle 
component or a mixture of components sleeted from the group consisting of methane, 
ethane, propane, n-butane, i-butane, methanol, ethanol, propanol, butanol, naphtha, 
gasoline, natural gas, coal gas rich in methane, landfill gas rich in methane, flue gas rich 
in methane, biomass gas rich in methane. 
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ik^ (new) The process of claim 4 wherein the combined feed hydrocarbon and 
carbon dioxide gas mixture is selected from the group consisting of a CH, and CO2 
mixture, acidic natural gas rich in CH4 and CO2, coal gas rich in CH4 and CO2, landfill 
gas rich in CH, and CO2, biomass gas rich in CH4 and CO2, other primary, secondary, 
refinery, and flue ^ mixtures rich in CH4 and CO2. 



which is rich in product olefins is fed in a consecutive polymerization reactor 
production of polyolefins, or in a consecutive synthesis reactor for production 
specialty chemicals. 



^ (new) The process of claim 4, as applies to the dehydrogenation reaction of 
paraffins wherein the reject gas stream from the far outer and next inner annular zones 
which is rich in product olefins is fed in a consecutive polymerization reactor for 
production of polyolefins, or in a consecutive synthesis reactor for production of 
specialty chemicals. 



\\. (new) The process of claim 19, wherein the feed stream for the occurring 
dehydrogenation reaction consists of either ethane, propane, or ethane-propane mixture 
and the final product in the consecutive polymerization reaction is either polyethylene 
polymer, polypropylene polymer, or polyethylene-polypropylene copolymer. 
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^ (new) The process of claim 20, wherein the feed stream for the occumng 
dehydrogenation reaction consists of either ethane, propane, or ethane-propane mixture 
and the final product in the consecutive polymerization reaction is either polyethylene 
polymer, polypropylene polymer, or polyethylene-polypropylene copolymer. 

(new) The process of claim 19, wherein the feed stream for the occumng 
dehydrogenation reaction consists of ethane and the final product fi-om the consecutive 
chemical synthesis reaction is one of the following species ethylene oxide, ethylene 
glycol, acetaldehyde, acrolein, acrylic acid. 

i4. (new) The process of claim 19, wherein the feed stream for the occumng 
dehydrogenation reaction consists of propane and the final producf from the consecutive 
chemical synthesis reaction is one of the following species acrylonitrile, propylene oxide, 
propylene glycol. 

^. (new) The process of claim 20, wherein the feed stream for the occurrmg 
dehydrogenation reaction consists of ethane and the final product from the consecutive 
chemical synthesis reaction is one of the following species ethylene oxide, ethylene 
glycol, acetaldehyde, acrolein, acrylic acid. 

^. (new) The process of claim 20, wherein the feed stream for the occumng 
dehydrogenation reaction consists of propane and the final product from the consecutive 
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chemical synthesis reaction is one of the following species acrylonitrile, propylene oxide, 
propylene glycol. 

^. (new) The process of claim 19, wherein the feed stream for the occurring 
dehydrogenation reaction consists of isobutane and the final product from the 
consecutive chemical synthesis reaction is methyl tert-butyl ether. 

^. (new) The process of claim 20, wherein the feed stream for the occumng 
dehydrogenation reaction consists of isobutene and the final product from the 
consecutive chemical synthesis reaction is methyl tert-butyl ether. 

A 

(new) The process of claim 1, as applies to the steam and carbon dioxide 
reforming of hydrocarbons, with the reject exit stream from the most inner and next inner 
annular zones to remove the contained steam by condensation and subsequently be 
passed through a cryogemc separator wherein the contained in stream hydrogen and 
carbon monoxide are separated as gases while the hydrocarbons and carbon dioxide are 
separated as condensed hquids and after heating are recycled back into the inlet of the 
preceding catalytic reforming zone, with the separated hydrogen and carbon monoxide 
product mixture coming from the cryogemc separator to be used in following listed 
consecutive applications, for fuel gas in solid oxide and molten carbonate fiiel cells, for 
ftiel gas in gas turbines and gas engines, for synthesis gas of methanol and gasoline range 
hydrocarbons. 



(new) The process of claim 4, as applies to *e steam and ca*on dioxide 
pfenning of hydrocaAons, wrth the reject exit stream from the far outer and next inner 
annular .ones to remove the contained steam by condensation and subsequently be 
passed through a cryogenic separator wherein the contatned ,n stream hydrogen and 
carbon monoxide are separated as gases while the hydrocarbons and carbon dioxide are 
separated as condensed .iqu,ds and after heating are recycled back into the inlet of the 
preceding catalytic reformmg zone, w,th the separated hydrogen and carbon monoxide 
pr«iuct mixture coming from the cryogenic sector to be used in following listed 
V consecutive applications, for M gas .n sol.d oxide and molten carbonate fuel cells, for 
fuel gas in gas turbines and gas engines, for synthests gas of methanol and gasoline range 
hydrocarbons. 

^ (new) The process of data 29. wherein the sep^ated liquefied hydrocarbons 
and carbon dtoxrde components from the cryogemc separator are mtxed with steam and 
fed ,nto a consecutive carbon diox.de and steam hydrocarbon reformmg rector for 
additional production ofhydrogen and carbon monox.de wh,ch,sused,nfollow,ngUsted 

consecutive appUcations. for fuel gas in solid oxide and molten carbonate fitel cells, for 
ft., gas in g^ turbines and gas engines, for synthesis gas of methanol and gasoline range 
hydrocarbons. 

^ (new) The process of claim 30. wherem the separated liquefied hydrocarbons 
and carbon dioxide components from the ctyogemc separator are m.xed wth steam and 
fed into a consecutive carbon dioxide and steam hydrocarbon reforming reactor for 



additional production of hydrogen and carbon monoxide which is used in following listed 
consecutive applications, for fuel gas in solid oxide and molten carbonate fuel cells, for 
ftiel gas in gas turbines and gas engines, for synthesis gas of methanol and gasoline range 
hydrocarbons. 

^ (new) The process of claim 1 as applies to the steam and carbon dioxide 
reforming of hydrocarbons, including methane as a hydrocarbon, wherein the reject exit 
stream consists of hydrogen, carbon monoxide, and unreacted steam which enters as a 
fuel gas feed into a solid oxide fuel cell or into a molten carbonate fuel cell for 
continuous generation of electncity, with part or all of the permeate hydrogen coming out 
of the preceding membrane zone to be fed as well in the fiiel cell inlet in order to provide 
for additional hydrogen fuel. 

K (new) The process of claim 4 as applies to the steam and carbon dioxide 
reforming of hydrocarbons, including methane as a hydrocarbon, wherem the reject exit 
stream consists of hydrogen, carbon monoxide, and unreacted steam which enters as a 
fuel gas feed into a solid oxide fuel cell or into a molten carbonate ftiel cell for 
continuous generation of electricity, with part or all of the permeate hydrogen coming out 
of the preceding membrane zone to be fed as well in the fuel cell inlet in order to provide 
for additional hydrogen fuel. 

^ (new) The process of claim 1 as applies to the carbon dioxide and steam 
reforming of hydrocarbons, wherein the reject exit stream consists of hydrogen, carbon 



„„»x.de. carbon dioxide and unreacted s.ean,, which after .he removal of steam by 
condensation. enters»aconsecutiven,eU,an„, syndesis reactor for oa^lyticpr^^^^^^ 

of nreW, wi* part or all of the permeate hydrogen coming out of the preceding ^ 
.enrbrane zone to be fed as welUnto the methanol reactor inlet in order to provtde for 

additional hydrogen for the reaction. 

# (new) The process of claim 4 as applies to the carbon droxide and steam 
reformrng of hydrocarbons, wherein ^ reject e.t str«un consists of hydrogen, carbon 
monoxide, carbon dioxide and nnreacted steam, which after the removal of steam by 
condensation, enters inaconsecutive methanol synthesis reactor for catalyfcproductron 

of methanol, witi, part or all of the penneate hydrogen comrng out of the preceding 
membrane «.ne to be fed as well into the methanol reactor inletmorder to provide for 

additional hydrogen for the reaction. 

^ (new) The process of claim 35 wherein p«rt or all of the methanol produced in 
ti,e consecutive synthesis reactor ,s used as feed ,n a methanol driven fuel cell for 
electricity generation. 

^ (new) The process of claim 36 wherein part or all of tite metiwrol produced in 
the consecutive synthesis reactor ,s us«l as feed ,n a methanol dnven fire, cell for 
electricity generation. 
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11^ (new) The process of claim 1 as applies to the carbon dioxide and steam 
reforming of hydrocarbons, wherein the reject exit stream consists of hydrogen, carbon 
monoxide, carbon dioxide and unreacl^i steam, which after the removal of steam by 
condensation, is nsed for production of gasoline range hydrocarbons in a consecutive 
catalytic reactor with part or all of the permeate hydrogen coming out of the preceding 
membrane «.ne to be used as feed into the hydrocarbon synthesis reactor to provde for 
additional hydrogen for the reaction. 

^io. (new) The process of claim 4 as applies to the carbon dioxide and steam 
reformmg of hydrocarbons, whercm the reject exit stream consists of hydrogen, carbon 
monoxide, carbon dioxide and unreacted steam, which after the removal of steam by 
condensation, is used for production of gasoline range hydrocarbons in a consecutive 
catalytic reactor with part or all of tite permeate hydrogen commg out of tite preceding 
membrane zone to be used as feed into the hydrocarbon synthesis reactor to provide for 
additional hydrogen for the reaction. 

(new) A process for conducting catalytic carbon dioxide hydrocarbon reforming, 
and dehydrogenation reactions of paraffins, for production and use of pure hydrogen and 
carbon dioxide which includes: 

a far outer impemtcable hollow tttbular cylinder nesting two more concentric 
permeable tiAular cylinders, a next-inner and a most-imter one, having the most inner 
permeable cylinder to be nested within tite next imter permeable cylinder thus defining 
three differem amtular zones including next imrer membrane and most inner membrane. 



wth me annular space be^veen the far outer and neKt-inner cylinders to be filled with 
ca^ayst. w,a, the catalyst in pallet or particle form to be a reforming or dehydrogenation 
catoUyst. with hydrogen and carbon dioxide to be continuously removed via permeation 
along the next-inner membrane wherem the membrane is made by an inorganic or 
composite material, with the remaimng reaction species to panially permeate as well via 
the next ,nner membrane and wrth the penneated specres to be diluted by an mert carrier 
gas flowmg along the next inner annular zone, with hydrogen and carbon diox.de species 
to be continuously removed via permeation along the most im,er membrane, with the 
most imrer membrane to be made by an morganic, polymer, or composite material which 
is permeable to both hydrogen and carbon dioxide species, with the penneated binary 
hydrogen^^arbon dioxide mixture in most inner cylindrical zone to be consumed in 
consecutive synthesis reactions or as fi.el-oxidant in consecutive molten carbonate fi.el 
cells, and with the emitted hot flue gas from the fuel cell and synthesis reactor to be used 
for at least partial heating of the far outer catalytic reaction zone by flowing it via the 
external surface of the for outer impermeable cylinder. 



(new) The process of claim 41, wherein the permeate hydrogen^arbon d.ox,de 
mixture from most inner membrane is used for methanol synthesis of gasoline range 
hydrocariwn synthesis in a consecutive chemical reaction step. 



(new) The process of claim 41 wherein the feed hydrocarbon is a single 
component or a mixture of components sleeted from the group consisting of methane, 
ethane, propane, n-butane. i-b„tane, naphtha, gasoline, natural gas, coal gas rich in 



methane, landfill gas rich in methane, flue gas rich in methane, biomass gas rich in 
methane. 

^ (new) The process of claim 41 wherein the combined feed hydrocarbon and 
carbon dioxide gas mixture is selected from the group consisting of a CH4 and CO2 
mixture, acidic natural gas rich in CH4 and CO2, coal gas rich in CH4 and CO2, landfill 
gas rich in CH4 and CO2, biomass gas rich m CH4 and CO2, other primary, secondary, 
refinery, and flue gas mixtures rich in CH4 and CO2. 

(new) The process of claim 41 wherein the inorganic or composite membrane of 
next inner permeable cylinder is rendered catalytic with the metal catalyst selected firom 
the group consisting of nickel (Ni), chromium (Cr), ruthenium (Ru), rhodium (Rh), 
platinum (Pt), palladium (Pd), copper (Cu), zinc (Zn), cobalt (Co). 
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